The decay of stratospheric aerosol content after the volcanic eruption of Mt. Fuego (Oct. 1974) is discussed on the basis of laser radar measurements at Nagoya (35*N, 137*E). The results show that the decay time constant of stratospheric aerosol content is about 2 years, and this value is a little longer than the previous measurements (Hofmann and Rosen, 1977; Russell and Hake, 1977) . This discrepancy is due to mainly the difference of observational periods between present and previous analysis, and observational periods were too short to make clear the decay time scale in previous investigations. More recently, Reiter et al. have summarized the results measured at many different laser radar sites (1980). It can be easily found out in their results, though they didn't present the value of decay time scale, that the decay time scale was about 2 years. This value is comparable one with present result.
Introduction
In October 1974 the volcano Fuego in Guatemala (14.5*N, 91*W) erupted violently over a period of several days (Smithonian, 1974) apparently injecting material into stratosphere which was observed visually by Meinel and Meinel (1975) over Mexico and Arizona in November.
Following this, over Mexico and Arizona observations on the particle layer produced newly by this eruption were made by laser radar (Fegley and Ellis, 1975; Fernald and Frush, 1975; McCormic and Fuller, 1975; Remsberg and Northam, 1975; Russell et al., 1975; Fujiwara et al., 1975) , by balloon-borne particle counter (Rosen et al., 1975) and by aircraft filter sampling (Lazrus et al., 1975; Ferry and Lem, 1975) . After these researches describing mainly the sudden increasing of particle loaded immediately after the eruption, some investigators presented results involving the long term variation of stratospheric aerosol content following the eruption (Hofmann and Rosen, 1977; Russell and Hake, 1977; Hirono et al., 1977) .
It is very useful for understanding the nature of stratospheric aerosol layer and for the assessment on the climatic effect due to volcanic eruption to make clear the decay processes of newly produced particle cloud layer by the volcanic eruption of Mt. Fuego. The purpose of this paper is to document the decline in stratospheric aerosol content and to compare our laser radar measurements to the post-Fuego measurements by various technique on the basis of observation made at Nagoya, Japan (35*N, 137*E) between August 1975 and December 1978. Present analysis indicates that the characteristic time scale on the decay of stratospheric aerosol content (vertically integrated backscattering coefficient overall range of stratosphere, or the layer peak value of backscattering coefficient) is about 2 years and apparently longer than the previous investigations (Hofmann and Rosen, 1977; Russell and Hake, 1977) . More recently, Reiter et al. presented the analytical results showing the decay trend of backscattering coefficient of stratospheric aerosol layer summarizing measurements of many laser radar sites; Garmisch-Partenkirchen (37.5*N), Menlo Park (37.5*N), and Fukuoka (33*N) (1979) . From their analysis, the decay time scale of stratospheric aerosol content is considered to be about 2 years, and showing good agreement with our results. Y. Iwasaka 447 2. Observation
The observation on the stratospheric aerosol content has been made usually three times a month using laser radar with 0.6943*m wavelength (Ruby laser) at Nagoya Japan (35*N, 137*E) since August 1975. This observational frequency is sufficient to consider the long term variation of stratospheric aerosol content. The procedure to evaluate the backscattering coefficient of stratospheric aerosol from the photon number counted by laser radar was recently reviewed by Russell et al. (1977) , and the fitting manner of measured total backscattering coefficient, total sum of Mie scattering component of aerosol and Rayleigh scattering component of atmospheric molecules, to that of non-dust atmosphere used here was also described in another paper of this research program (Iwasaka, 1981) , then the detail on the analytical procedure of measurements will not be described here.
The eruption of Mt. Fuego has brought on the strong disturbance of the stratosphere on global scale and soon after the eruption, many investigators succeeded in the measurement of sudden increasing of stratospheric aerosol content, as was described in introduction. The aerosol content which rapidly increased owing the volcanic material injection into stratosphere decreased gradually through various physical and chemical processes, and the time scale of decay on stratospheric aerosol content must be one of the most important informations to make clear the role of these elemental processes.
Scattering ratio of aerosol is defined by following equation,
where Bm(Z) and Br(Z) . are backscattering coefficients due to Mie scattering of stratospheric aerosol particles and due to Rayleigh scattering of atmospheric molecules at altitude Z respectively, and in this research, U.S. Standard Supplement Model (1967) was used as non-dust atmosphere to estimate Br(Z). The backscattering coefficient of aerosols, Bm(Z) is estimated by
where br is backscattering cross section of air molecule and n(Z) is number density of air molecules at altitude, Z. The backscattering coefficient at the peak of scattering layer is shown in Fig. 1 . The variation of peak value, Bm (peak) is indicating that long term trend of decay superimposes seasonal component. In order to assess the gross temporal variation of Bm (peak), the dotted curve determined by least square method is used, and the curve can be fitted with following decay equation, Bm(peak) = Bm, 0(peak) exp(-t/*) (3) * =1.8 years where * is decay time constant, Bm , 0 (peak) the initial value of backscattering coefficient at layer peak:
In Fig. 2 , the integrated backscattering coefficient over all stratosphere is presented. As is the same with Fig. 1 , the dotted curve is showing the trend of long term decay, and the characteristic time scale is 2.4 years. Major volcanic eruption except with the eruption of Mt. Fuego, possibly capable of injecting material to stratospheric height during present observational Fig. 1 . The decay pattern of backscattering coefficient of aerosol peak at Nagoya, Japan (35*N, 137*E). The solid curve is three-monthly averaged backscattering coefficient, and the dotted curve is the decay curve gained by least squared method. Fig. 2 . The decay pattern of vertically integrated backscattering coefficient above tropopause height at Nagoya, Japan (35*N, 137*E). The solid curve is three-monthly average curve, and dotted one is the decay curve gained by the least squared method. (1977) . Ferry reported the observation of a dust layer over Hawaii 16 days after the Nyiragongo eruption. Confirmation of this injection must await the analysis of an adequate time series of observations. We are unable to possitively identify an increasing of stratospheric aerosol with any of above mentioned eruptions during observational period. The decay curves are possibly showing the loss process of stratospheric particles which were formed through the strong eruption of Mt. Fuego due to sedimentation. The discrepancy between the decay time constant determined using the backscattering coefficient of layer peak and that estimated on the basis of the integrated backscattering coefficient is very interesting fact for the understanding the removal process of stratospheric particles. This discrepancy between both is possibly due to the height variation of sedimentational speed of particles. The sedimentational speed of particles become to be larger according to the increase of height, then most of particles are trapped longer time at lower region of aerosol layer. This leads to the conclusion that the characteristic decay time of the integrated backscattering coefficient over all stratosphere is longer than the time scale of layer peak value variation, since the majority of vertically integrated backscattering occurred at the region below the layer peak. But such physical image for the sedimentation of particles is unsatisfactory for the discussion on the decay process of stratospheric aerosol particle content measured immediately after the strong volcanic eruptions as will be mentioned in Discussion and Conclusion, and this is the key to solve the discrepancy between present and previous researches.
Discussion and conclusion
Here we used simplified experimental equation (3) for the estimation of decay time scale of stratospheric aerosol layer enhanced by the volcanic eruption. In this expression, the steady state component of aerosol content variation is not included. As is shown in Fig. 1 and 2 , the present data does not clearly show the steady state level of aerosol content, then the contribution cannot be considered from only these data. But we can say definitely that the steady state level is at most about 6 * 10-9m-1 str-1 (layer peak value), value at the end of '78, and this is about 18% of the value at immediately after the eruption. This suggests that the contribution of steady state component to the variation of total amount aerosol content is very small under the condition of disturbed stratosphere by volcanic eruption. The characteristic time scale, *peak becomes a little smaller, 1.5 years when we assume steady state level after the end of '78, and *total 1.9 years. It must be necessary to extend the observational period, in order to know the steady state level of stratospheric aerosol content.
The decay time scale presented here is about 2 years, and the time scale of vertically integrated backscattering coefficient is longer than the time scale of layer peak scattering coefficient. Previous measurements on the decay of stratospheric aerosol content after the eruption of Fuego suggest shorter time scale in comparison with present analysis, and, in addition to this point, show that the time scale of lower region of aerosol layer is shorter than that of peak backscattering coefficient (Russell and Hake, 1977; Hofmann and Rosen, 1977) . It should be noticed that previous estimation on the decay time scale is due to the measurements during about one year from January 1975 to November 1975. According to Hirono et al., the decay processes can be classified to three stages, immediate after of eruption -February 1975 , March 1975 -January 1976 , and after February 1976 , in conformity to characteristics of decay pattern, and the decay of peak backscattering coefficient at the second stage is expressed by polinomial, al/ t+ a2 + a3t; al, a2, and a3 are constant and t is time (1977) . This fact suggests that the characteristic time constant of decay of stratospheric aerosol is probably dependent on time, and that more long observational time must be necessary to assess the over all decay time scale of stratospheric aerosol content produced newly through the volcanic eruption. In addition to this, seasonal variation of aerosol content is world-widely Fig. 3 . The schema of particle size change after the eruption. R is average size of stratospheric partides, RL the average size of particle content, * peak decay time constant of aerosol content at layer peak, *total decay time of the integrated particle content over all stratosphere.
A and B show the situation of particle distribution and typical pattern (relative unit) of backscattering coefficient. The decay time constant on the basis of measurements at only first stage of decay process becomes shorter in comparison with the decay time on the analysis over all decay trend pattern since the average size may be larger immediately after the eruption. The change on "*peak**total* *peak**total" may be caused through change of vertical profile of particle size. Immediately after the eruption, extremely large particles such as volcanic ash rapidly sediment in the lower region, and then *total becomes shorter than *peak in that period. N is column density of stratospheric aerosols, and R is the radius of aerosol, indicated abruptly decreasing after the Fuego eruption (Hofmann and Rosen, 1977) , and sedimentation of larger size particles was relatively active in this period. As is summarized in table 1, the previous studies show that the decay time constant of integrated backscattering coefficient over all stratosphere is apparently shorter than the characteristic time of the backscattering coefficient decay at layer peak. But present analysis show that the time scale, *total is longer than the value, *peak, and this is opposite tendency to previous measurements. It can be considered that extremely large particles are contained in the lower region of layer in the first stage of decay processes. Of course, such large particles have large sedimentational speed, and rapidly removed out from stratosphere. This leads to the conclusion that the aerosol content in lower region of layer decreases rapidly in comparison with the aerosol content in higher region, in other words, the decay time scale of over all stratospheric aerosol content is shorter than that of layer peak content in the first stage considering that most of particles are in lower region of layer. After the rapid removal of extremely large particles loaded into lower region of layer, the value N(R*0.15*m)/ N(R*0.25*m) will again slowly increase. The vertical distribution of N(R*0.15*m)/N(R> 0.25*m) measured at Nagoya using laser radar shows the size distribution of aerosol recovered to usual pattern at latest, in 1977 (Iwasaka, 1980) . Under such atmospheric condition, as is shown in Fig. 3 , most of particles are trapped in the lower region of layer and the decay time scale of integrated backscattering coefficient over all stratosphere should be longer than the time scale of variation of backscattering coefficient at layer peak.
Summarizing the laser radar measurement on stratospheric aerosol content at Nagoya in comparison with the previous researches, it can be concluded as follow.
1) The characteristic time scale of stratospheric aerosol content decay is about 2 years, and apparently longer than the previous measurements (Hofmann and Rosen, 1977; Russell and Hake, 1977) .
2) This discrepancy is possibly due to the difference of observational periods. Previous TABLE  1 researches have discussed only the first stage, and does not include over all decay period.
3) The characteristic decay time of vertically integrated backscattering coefficient is slightly longer than the time scale of backscattering coefficient change at layer peak, and this tendency is opposite to previous results (see table 1 ).
4) The discrepancy described in 3) is possibly due to the temporal change of size distribution of stratospheric aerosols, as is shown in Fig. 3 . Recently Reiter et al, presented the long term trend of backscattering coefficient of stratospheric aerosol with characteristic decay time of about 2 years using many laser radar sites measurements (1979) . Their results have good agreement with present results.
